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Variations in Coronary Lumen
Dimensions Measured In Vivo
Multiple invasive coronary imaging modalities are currently
available to quantify coronary luminal dimensions. Inherent
differences in in vivo quantitative coronary lumen measure-
ments within coronary segments between different imaging
modalities remains poorly understood. The chief aim of this
study was to evaluate differences between state-of-the-art
invasive (intravascular ultrasound [IVUS], Fourier Domain
optical coherence tomography [FD-OCT]) and noninvasive
(3-dimensional– quantitative coronary angiography [3D-
QCA]) coronary imaging techniques in the measurement of in
vivo coronary lumen dimensions.
Ten patients (age 18 years) electively referred to our
cardiac catheterization laboratory for the investigation of chest
pain were studied. Informed consent was obtained prior to the
procedure. Patients with nonobstructive coronary disease
(70% stenoses) with no previous coronary revascularization,
recent acute coronary syndrome, systolic heart failure, severe
valvular heart disease, or renal failure were studied. This study was
approved by our local Human Research Ethics Committee.
Coronary angiography was performed via a standard 6-F
technique. IVUS was performed using a high-frequency rota-
tional catheter (40 to 45 MHz) at an automated pullback speed of
0.5 mm/s. FD-OCT image acquisition was performed immedi-
ately following IVUS acquisition within the same vessel. The
C7-XR OCT system (using the 2.7-F C7 Dragonfly Imaging
Catheter, LightLab Inc., Westford, Massachusetts) was used,
whereby angiographic contrast media was injected through the
guiding catheter via an injection pump (settings: 14 ml volume
contrast, 4 ml/s, 300 psi) to achieve effective intracoronary
clearance of blood for optimal image acquisition. At an auto-
mated pullback speed of 20 mm/s, each pullback recorded 54 mm
of coronary artery over a 3 to 4 s period. Prior to the commence-
ment of imaging, the Z-offset was adjusted for appropriate image
calibration for accurate image measurements offline.
All IVUS and FD-OCT data was analyzed using echoPlaque
3.0.60 (Indec Systems, Santa Clara, California). For each run,
the most common distal and proximal fidiciary markers (ana-
tomical side-branches) were chosen from corresponding IVUS
and OCT pullbacks that defined the region of vessel to be
analyzed. For IVUS imaging, cross-sectional images were
selected every 30 frames (0.5 mm) apart, and coronary lumen
and external elastic membrane were traced by manual planim-
etry to calculate the average lumen area. For OCT imaging,
cross-sectional images were selected every second frame (0.4
mm apart) with the leading edges of the lumen traced by
manual planimetry. Each IVUS and OCT run was precisely
divided into 4 mm segments, comprised of 9 cross-sectional sVUS frames (with 8  0.5 mm intervals) and 11 cross-
ectional OCT frames (with 10  0.4 mm intervals). Each
egment, therefore, was analyzed separately. EchoPlaque
MIB) 3.0.60 software enabled the corresponding IVUS and
CT pullbacks (with corresponding numbered cross-sectional
rames) to be simultaneously played allowing accurate frame-
atching of anatomical fiduciary markers, thus ensuring the
ame segments were analyzed between each IVUS and OCT
un per patient (1). Within each segment, the average lumen
rea (LA) and IVUS-derived plaque burden was calculated.
3D-QCA was performed offline using 3D reconstruction
oftware (Paieon Medical, Rosh Haayin, Israel). The contrast-
lled nontapered part of the guiding catheter was used to
alibrate pixel size. The 2 best orthogonal views of the entire
egment of vessel to be analyzed were used for 3D-QCA
econstructions. The same proximal and distal anatomical
duciary markers used in the FD-OCT and IVUS analysis
ere identified from the 3D-QCA reconstructions. Following
he identification of the centre of the lumen, the software
enerated a 3D representation of the arterial lumen. This was
valuated for each pre-defined 4-mm coronary segment stud-
ed. Similar to IVUS and OCT measurements, the average
D-QCA derived LA was calculated per segment.
Continuous variables are expressed as mean  SD. Paired t test
as used to assess for significant differences between each imaging
odality. Statistical analysis was performed using GraphPad Prism
version 5.01, GraphPad Software, La Jolla, California). A 2-tailed p
alue of 0.05 was considered significant.
A total of 80 coronary segments were evaluated in 10 coronary
rteries. There was a good agreement between IVUS and OCT
easurements of LA (r  0.90, p  0.0001). The mean LA of
ll segments with IVUS was 9.35  4.1 mm2, compared with a
corresponding mean LA on OCT as 7.79  3.3 mm2 (p 
.0001), with a mean relative difference of 13.1%. Plaque burden
as found to have no significant influence upon measured
ifferences of lumen diameter and LA between IVUS and
D-OCT. Coronary segments were further stratified according
o size defined by tertiles of LA on IVUS [‘small:’ mean LA
.8  0.9 mm2; ‘medium:’ mean LA 7.5  1.0 mm2; ‘large:’
ean LA 12.9  3.0 mm2). As such, the mean relative differ-
nces between IVUS and OCT for LA measurements in small,
edium, and large segments were 24%, 9.1%, and 12%, respec-
ively (p  0.002 for small vs. moderate, p  0.032 for small vs.
arge). There was satisfactory agreement between LA derived by
D-QCA compared with IVUS and OCT (r  0.66, p 
.0001). The mean LA of all segments obtained with 3D-QCA
as 6.30  3.27 mm2 (p  0.0001 compared with both IVUS
nd OCT). The mean relative difference of LA measured with
D-QCA and IVUS was 41.5%, compared with 28.9% with
D-QCA and OCT (p  0.012).
This study, utilizing state-of-the-art invasive coronary im-
ging technologies, highlights systematic differences in mea-
ured coronary lumen areas of corresponding segments. Con-
are
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Letters to the Editor124sistent with previous recently reported ex vivo and in vivo findings
(1–3), we highlight consistently larger LA measurements obtained
with IVUS compared to FD-OCT across all segments, with a
further significant reduction in these luminal measurements when
measured in smaller-sized coronary segments, and when measured
with 3D-QCA. This also supports recent data which has compared
Terumo FD-OCT, IVUS, and conventional QCA measurements
in stented coronary segments (3). Until further validation studies
are conducted, specific lumen-based cut-off values previously vali-
dated with IVUS and currently utilised in contemporary interven-
tional practice should not be arbitrarily translated into the FD-
OCT and 3D QCA hemispheres. (Fig. 1)
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Atrial Function in Patients
Undergoing CRT
We read with great interest the paper by Carluccio et al. (1) regarding
the impact of left ventricular (LV) remodeling on the response to
cardiac resynchronization therapy (CRT). In this elegant study, the
authors performed a comprehensive assessment of LV function,
showing that extensive LV remodeling at baseline is associated with
poor improvement after CRT.
We wish to raise an essential issue, which may be of keen interest
to the readers.
In recent years, there has been growing interest in the potential
impact of CRT on atrial function, but the state of knowledge in this
field is still controversial and unsettled (2–4). In the paper by
Carluccio et al. (1) several baseline data concerning atrial function
are presented (left atrial volume index and mitral regurgitation
severity), but unfortunately there is no information related to CRT
response. We believe that their excellent echocardiographic data
could also be useful to better understand another debated issue (i.e.,
the effect of CRT on the risk of the development of atrial
arrhythmias) that is clearly related to atrial remodeling (4,5).
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